INTRODUCTION
A wide variety of bacteriocins produced by Lactic Acid Bacteria (LAB) has been reported. Bacteriocins are ribosomally synthesized antimicrobial peptides or protein that can inhibit growth of bacteria by causing disruption of the cell membran and make a pore leading to cell death (Diep et al., 2009) . The bacteriocins from LAB have attracted significant attention because of their potential use as non-toxic and safe additives for food preservation and prevention of food spoilage by food borne pathogenic bacteria (Hata et al., 2010; Savadogo et al., 2006) .
The bacteriocins of LAB have been classified into four classes. Most of them belong to class I or II. Class I bacteriocins named as lantibiotics, are small (< 5 kDa) membrane-active peptides, which contain post-translationally modified amino acid residues like lanthionine. Class II bacteriocins are small, heat stable, non-lanthionine-containing peptides. Class III bacteriocins consist of large heat labile bacteriocin (> 10k Da) whereas Class IV bacterocins consist of a protein moiety with one or more other chemical moieties (e.g. carbohydrate and lipid) (Savadogo et al., 2006; Tiwari & Srivastava, 2008) .
L. plantarum is LAB which produces bacteriocin, called plantaricin. Plantaricin A, plantaricin EF, and plantaricin JK are included into Class II bacteriocin (Diep et al., 2009) . Whereas plantaricin W consisting two peptides plantaricin W-alpha and plantaricin W-beta from L. plantarum LMG 2379 belongs to a new family of two-peptide class I bacteriocin (Holo et al., 2001) .
Our previous research showed that Indonesian indigenous strains of L. plantarum was isolated succesfully from Indonesian beef e g. L. plantarum IIA-1A5, L. plantarum IIA-1B1, and L. plantarum IIA-2B2. They have been identified as species and strains by molecular technique using PCR and 16S rRNA sequencing. L. plantarum IIA-1A5, L. plantarum IIA-1B1, and L. plantarum IIA-2B2 were in the same cluster with L. plantarum JDM 1 and L. plantarum ATCC 14917 by phylogenetic tree analysis using Kimura model and they were 97% similar identity with L. plantarum JDM 1 using BLAST analysis (Arief, 2010) . Another strain of L. plantarum isolated from Indonesian beef, namely L. plantarum 2C12, which had probiotic characteristic as antidhiarrea againts enteropathogenic Escherichia coli was reported by Arief et al. . (2010) .
Exploration about their functions have been done, xploration about their functions have been done, such as antibacterial activities against pathogenic bacteria (E. coli, Staphylococcus aureus, and Salmonella typhimurium). It was reported that all strains produced antibacterial substances that could inhibit growth of pathogenic bacteria (Arief, 2011) . Purification of the plantaricin as bacteriocin from indigenous L. plantarum is very important to know their function. Purification and biochemichal characterization of plantaricins in terms of their stability are essential to evaluate their potential for various applications. Plantaricin W is interesting to be explored because it is unique lantibiotic beside nisin as preservatives. The objectives of the research were to isoThe objectives of the research were to isolate plantaricin W gene from three strains of Indonesian LAB L. plantarum, and to characterize the plantaricin produced by L. plantarum strains exhibiting antibacterial activity with a view to elucidate its potential applications as preservative agents.
MATERIALS AND METHODS

Experiment 1. Isolation and Amplification of Plantaricin W Genes
Isolation of genomic DNA from bacteria. The total genomic DNA of L. plantarum strains was isolated in small scale preparations from 10 mL of overnight culture grown at 24 °C in deMan Rogosa Sharp (MRS) broth (Oxoid) medium. The instruction of genomic DNA purificaThe instruction of genomic DNA purification followed by Sambrook et al. (1989) for extraction and purification of plasmid DNA.
Amplification of plantaricin W genes by PCR. Plantaricin genes were amplified in 25 µL volumes each containing 100 ng template DNA, 5 unit/µL Taq DNA polymerase 0.1 µL, 10x buffer 0.1 µL, 10 mM dNTP 0.5 µL, 20 pM of each forward and reverse primer @0.3 µL, 25 mM MgCl2 2.0 µL PCR amplification of the bacteriocin genes was carried out using the primers for all described plantaricin genes. Forward primer was MY42F 5'-GAT-CAGCCACGATACCAAC-3' and reverse primer was MY42R 5'-CTAAAGAAAAAGCCCCTGAAAC-3' (Saenz et al., 2009) . The PCR reactions were performed with an initial denaturation step at 95 °C for 5 min, followed by 35 cycles of 95 °C for 30 s, 55 °C primer annealing temperature for 45 s and 72 °C extension for 1 min, followed by a final extension step at 72 °C for 5 min. PCR products were separated by electrophoresis using a 2% (w/v) agarose gel, which was stained with ethidium bromide and visualized using UV light source.
Plantaricin W gene sequencing. Plantaricin W gene Plantaricin W gene sequencing was made by sending a sample to 1st BASE Pte Ltd (Singapore). Sequence similarity searches were Sequence similarity searches were performed in the GenBank data library using the BLAST program. The sequence information was then imported into Genetic software program for assembly and CLUS-TAL W software program for alignment. Phylogenetic trees were constructed by the neighbor-joining method using MEGA 4 software program.
Experiment 2. Purification and Characterization of Purification and Characterization of Plantaricin
The experiment was carried out according to Tiwari & Srivastava (2008) ; Hata et al. (2010) . Cation-exchange chromatography. Samples were applied at 1 mL/3 min of flow rate to SP sepharose fast flow cation-exchange column equilibrated with buffer A. The column was washed with 4 bed volumes of buffer A. Fractions were then collected. The proteins were monitored at 280 nm with UV VIS spectrophotometer. Protein concentration of fractions were analyzed using Lowry method and tested for bacteriocin activity.
Bacteriocin activity and Minimum Inhibitory Concentration (MIC).
The agar well diffusion method was used to detect the antibacterial spectrum of plantaricins, according to Hata et al. (2010) . The test pathogenic bacteria (approximately 10 6 cfu/mL) were spread onto Muller Hinton Agar (MHA/ Difco) media. Six millimeter diamaters wells were made in MHA and 50 µL of the plantaricins were placed into each well. Plate was incubated at 37 o C for 24 h. The area of inhibition was calculated from the diameters of the inhibition zones. These experiments were done in triplicate.
MIC was determined by serial dilution methods. The tested pathogenic bacteria were grown in Nutrient Broth (Difco) media and standardized by 0.5 Mc.Farland to have population 10 6 cfu/mL. Plantaricins were diluted in 9 serial number dilution (10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90%) in different tubes. Each dilution tube of plantaricin was confronted with pathogenic bacteria until volume 100% in the same tube. The tubes were incubated at 37 o C for 24 h. After incubation, they were observed for bacterial growth by plate count analysis. MIC was the lowest concentration of plantaricin that could inhibit 90% of growth of the tested pathogenic bacteria.
Stability against proteolytic enzyme and heat conditions. To test the sensitivity of plantaricins to proteolytic enzyme, the samples were incubated with trypsin at a final concentration of 0.5 mg/mL at 37 o C overnight. Samples were heated at 80 o C for 30 min (pasteurization temperature) and 121 o C for 15 min (sterilization temperature) at pH 7.0 to test the heat stability, considering pasteurization and sterilization methods. After each treatment, the remaining activities were determined by agar diffusion method. These experiments were done in triplicate. The antimicrobial activities were expressed as activity unit.
Statistical Analysis
For antibacterial activities of plantaricins, MIC and stability on heat treatment, experimental design used were Factorial Completely Randomized Design. For stability on trypsin experiments, and heat conditions experiments, experimental design used were Completely Randomized Design. Data were analyzed by ANOVA (Analysis of variance) or T test for stability on trypsin experiment (Steel & Torie, 1995 (Wang et al., 2011) and L. plantarum JDM1 is Chinese commercial LAB with several probiotic functions (Zhang et al., 2009 ). There were two types of plantaricin W. The first is plantaricin W which consists of two peptides plantaricin W alpha and plantaricin W beta, while the second is plantaricin W that has no plantaricin W alpha and beta but only consist of one peptides. Plantaricin W alpha and beta show significant sequence similarities with the corresponding peptides of two lantibiotic, namely lacticin 3147 (from Lactococcus lactis) and staphylococcin C55 (from S. aureus). Three plantaricins W belong to type A lantibiotic (class I bacteriocin) (Holo et al., 2001) , while another plantaricins W belong to class II bacteriocin. The result showed that it might be different type of plantaricin W. Plantaricin W obtained from L. plantarum IIA-1A5, IIA-1B1 and IIA-2B2 might be included in class II bacteriocin that were in the difference cluster with plantaricin W beta (class I bacteriocin).
Dendogram of phylogenetic tree of plantaricin W-beta gene was shown in Figure 3 . Plantaricin from Indonesian L. plantarum strains located in different cluster with plantaricin W-beta from L. plantarum LMG 2379 and plantaricin produced by L. plantarum isolated from Malaysian food. Not all strains of L. plantarum can reveale plantaricin W genes. The plantaricin locus is widespread among L. plantarum strains showed genetic diversity (Saenz et al., 2009) . L. plantarum strains isolated from red wine from South Africa (Knoll et al., 2008) and L. plantarum strains isolated from fermented maize from Republic of Kongo (Ben Omar et al., 2008) did not reveal the presence of the plantaricin encoding plantaricin W alpha and plantaricin W beta genes.
Experiment 2. Purification and Characterization of Plantaricin
Purification of plantaricin. Plantaricin IIA-A5, IIA-1B1, and IIA-2B2 were succesfully purified from cell-free supernatant by ammonium sulfate precipitation and cation-exchange chromatography (Table 2 , 3, and 4). The purification step could increase total protein, total activity of plantaricin, spesific activity except plantaricin IIA-1B1 and yield. Ammonium sulphate precipitation could not increase spesific activity of crude plantaricins IIA-1A5, IIA-1B1, and IIA-2B2. It might be because plantaricins were purified by ammonium sulphate precipitation were not in active site of peptides that had antimicrobial (Bauer et al., 2005) . Ammonium sulphate bind all protein from cell free supernatan, that still consist of protein from media (MRS broth), not only bacteriocin. Interaction protein-peptides of ammonium sulphate precipitation could reduce antimicrobial acitivites. For the purpose of getting pure plantaricins, purification of bacteriocin can not be achieved only by ammonium sulphate precipitation, but must be continued by cation exchange chromatography. The experiments used SP Sepharose™ Fast Flow, a strong cation exchanger, as resin of column chromatography. The ion exchange group is a sulphopropyl group which remains charged and maintains consistently high capacities over the entire working range, pH 4-13. Purification step by cation exchange has been proven to purify many plantaricins succesfully, otherwise many research need another column chromatography technique such as gel filtration continued by HPLC (Gong et al., 2010) . It was similar with plantaricin C19 (Atrih et al. 2001 ) and plantaricin ASM1 (Hata et al., 2010 ) that could be completely purified by chromatography technique.
In this research, cation exchange chromatoghraphy purification could increase spesific activity of the plantaricins except plantaricin IIA-1B1. Plantaricin IIA-1A5 had higher concentration of protein than plantaricin ASM1 and plantaricin LR14 ( Table 2) . Concentration of plantaricin IIA-1B1 and IIA-2B2 after cation exchange chromatography purification (Table 3 and 4) were lower than plantaricin ASM1 that had 17500 µg/mL (Hata et al., 2010) , but higher than plantaricin LR14 that had 59.21 µg/mL (Tiwari & Srivastava, 2008) . The type of plantaricins were different might be caused by differences of L. plantarum strains. Functional characteristics of antibacterial activity of plantaricin produced by L. plantarum depend on strains (Saenz et al., 2009 ).
Bacteriocin activity. Plantaricin IIA-1A5, IIA-1B1, and IIA-2B2 showed a broad antibacterial spectrum against pathogenic tested strains consisted of Gram positive and Gram negative bacteria (Table 5, 6 ). This result indicated that all plantaricins were effective against the most problematic food-borne pathogenic bacteria. Based on Gillor et al (2008) , the general bacteriocins mode of action have been reported to be bactericidal due to its pore-forming action on the cell membrane.
Antimicrobial properties of all type plantaricin IIA produced by L. plantarum IIA-1A5, IIA-1B1, and IIA-2B2 differed significantly and affected by strains of pathogenic bacteria (Table 5) . Plantaricin IIA-1A5 had et al. (2006) reported that L. plantarum strains from ben saalga, a traditional fermented gruel from Burkino Faso had broad bateriocinogenic. Minimun inhibitory concentration of plantaricins from Indonesian L. plantarum were affected by interaction beetwen strains of L. plantarum and pathogenic bacteria strains (Table 6 ). Gram positive pathogenic bacteria S. aureus were more sensitive than Gram negative pathogenic bacteria such as E. coli and S. typhimurium by the action of plantaricin IIA-1A5, IIA-1B1, and IIA-2B2. Plantaricin from L. plantarum IIA-1A5 had higher activity against S. aureus. It is related to Thomas et al. (2000) that most bacteriocins have limited spectrum of activity, generally effective only against bacteria related to the producer organism. Bacteriocins produced by Gram positive bacteria such as Lactobacillus species are normally more active against Gram positive than Gram negative bacteria, yeast and mold.
The general mode of action of bacteriocin has been reported to be bactericidal due to its pore-forming action on the cell membrane making it leaky (Tiwari & Srivastava, 2008) . Most of the Gram positive bacteriocins are membrane active compounds that increase the permeability of the cytoplasmic membrane (Savadogo et al., 2006) . According to Asaduzzaman & Sonomoto (2009) , the two most well-established mechanisms of pore formation by bacteriocin were the barrel-stave and wedge models. In the barrel-stave mechanism, the cationic bacteriocin monomer bind to the membrane surface through electrostatic interactions and are assembled into a pre-aggregrate, and the pores are formed at a certain membrane potential, where the bacteriocin is perpendicular to the membrane. In the case of wedge model, surface bound bacteriocin molecules bind parallel to the membrane surface and generate local strain, bending the membrane in such a way that the lipid moleculs, together with the bacteriocin, form a pore.
Stability against proteolytic enzyme and heat treatments. Since bacteriocins are defined as proteinaceous substances, they must be sensitive to at least one proteolytic enzymes (Moreno et al., 2000) . The activity unit of plantaricin IIA-1A5, IIA-1B1, and IIA-2B2 were significantly reduced by the trypsin (Table 7) .
Partial inactivation acitivities were observed after treatment of plantaricins with trypsin. The reduction of plantaricins activity unit as the effect of trypsin ranged from 33.5 %-66.02% (Table 7) . Trypsin could degrade plantaricins. These results indicated that plantaricin produced by L. plantarum IIA-1A5, IIA-1B1, and IIA-2B2 strains were proteinaceous in nature based on its sensitivity to tripsyn enzyme. Plantaricins could be abolised by trypsinization. It similar to most plantaricins produced by other L. plantarum strains such as bacteriocins produced by L. plantarum isolated from Tunisian traditional salted meat (Essid et al., 2009) ; plantaricin ASM1 (Hata et al., 2010) ; plantaricin W (Holo et al., 2001) and bacteriocins from other strains such as bacteriocins from Streptococcus bovis J2 40-2 (Rashid et al., 2009) and from Fusobacterium nucleatum (Riberio-Ribas et al., 2009) .
Trypsin is a natural proteloytic in gastrointestinal tract of human. Based on this data that plantaricin IIA- (Holo et. al., 2001) . Sterilization could decrease plantaricin activity as antimicrobes. High temperature will denature protein, and conformation of protein will be canged and causing its inactivation.
The stability of inhibitory activity of plantaricins after obtaining different heating treatment against B. cereus can be seen in Table 9 . Stability plantaricin activities after pasteurization and sterilization treatments against indicator bacteria B. cereus were affected by the type of plantaricin (P<0.05). Plantaricin IIA-1B1 had the lowest antimicrobial activity agains B. cereus. Plantaricin IIA-/1A5 and IIA-2B2 were heat stable as antimicrobial against B. cereus.
The observation results of plantaricin stability activity after a heating treatment against Salmonella enteriditis ser. Typhimurium ATCC 14028 can be seen in Table 9 . (Table 10) . Plantaricin IIA-1B1 had lower activity than plantaricin IIA-1A5 and IIA-2B2. Plantaricin IIA-1A5, IIA-1B1 and IIA-2B2 had stable properties on heating, by its ability to maintain inhibitory activity against S. aureus ATCC 25923 after heating at pasteurization or sterilization temperature (Table  11) . Heat stability was the characteristic of almost all of the identified plantaricin, IIA-1A5, IIA-1B1, and IIA-2B2. The result had similarities with other plantaricins. Plantaricin ASM1 which was heat stable at 90 °C for 15 min (Hata et al., 2010) , and plantaricin W as lantibiotic that was strongly heat stable (Holo et al., 2001) .
CONCLUSION
L plantarum IIA-1A5, IIA-1B1, and IIA-2B2 reveal the presence of the plantaricin encoding plantaricin W gene. Plantaricin IIA-1A5, IIA-1B1, and IIA-2B2 have broad spectrum antimicrobial activities, againts Gram positive and Gram negative pathogenic bacteria, such as E. coli, S. typhimurium, B cereus, and S. aureus. All plantaricins are digested by trypsin and heat stable relatively. Generally, plantaricin IIA-1A5 is better as antimicrobial agent than plantaricin IIA-1B1 and plantaricin IIA-2B2. 
